ABSTRACT: Some species belonging to the genus Aspergillus are potential producers of ochratoxin A (OA), a mycotoxin with nephrotoxic, immunosuppressive, teratogenic and carcinogenic effects. The aim of the present study was to identify the species of Aspergillus that contaminate the inside of coffee beans collected in the stage of maturation and drying, from 16 producing areas located in the northern region of the State of Paraná, in the South of Brazil. A total of 108 isolates of Aspergillus spp. was identified at the species level, by sequencing the internal transcribed spacer (ITS1-5.8S-ITS2) of ribosomal DNA (rDNA). The results revealed the presence of potentially ochratoxigenic species in 82% of the geographic regions studied, among which Aspergillus niger was the species most frequently detected, followed by A. ochraceus and A. carbonarius. 
INTRODUCTION
The ochratoxin A (OA) is the mycotoxin of greatest significance found in coffee beans and beverage. The presence of OA in coffee was first reported by Levi et al. (1974) followed by several other studies (Abarca et al., 1994; Moss 1996; Bucheli et al., 1998; Batista et al., 2003; Taniwaki et al., 2003) .
The presence of this mycotoxin in food has been considered a worldwide problem in public health. In countries with tropical climates, species of Aspergillus have been the main ones responsible for the production of OA in coffee (Taniwaki et al., 2003) . Based on this, studies aimed at identifying the species of Aspergillus that contaminate coffee and that are potential OA producers have become of great importance in the last decade.
The identification of fungal species by classic taxonomy is based mainly on the use of morphological markers. However, the number of these markers available is generally low, which makes difficult the classification and/or identification of related species. The development of molecular biology techniques for the genetic differentiation of species has resulted in substantial advances in taxonomy due to their sensitivity and specificity. The amplification of internal transcribed spacer (ITS1-5.8S-ITS2) of ribosomal DNA (rDNA) by the polymerase chain reaction (PCR) (Mullis & Faloona, 1987) , combined with sequencing of the amplicon and analysis of similarity between the sequences obtained and those already deposited in the gene bank, has been frequently employed for identification of fungal species. Despite this, no studies have been published using molecular approaches for the identification of Aspergillus spp. in coffee beans.
The aim of the present study was to isolate and identify, by sequencing of the ITS regions, Aspergillus spp. that contaminate the inside of coffee beans, produced in the northern region of the State of Parana, in the South of Brazil.
MATERIAL AND METHODS
Material -Samples of coffee (Coffea arabica) at different stages of maturation (immature fruits from trees, cherries from the drying yard and overripe cherries from soil) and from storage in barns were obtained from 16 coffee properties in northern region of state of Paraná, in the south region of Brazil. The sampling consisted of a random collection of 1 kg coffee beans. After external disinfecting of the beans with 1% solution of sodium hypochlorite, 200 beans were submitted to a Blotter test (Neergard, 1979) to expose the fungi. The differentiation of Aspergillus from other genera uncovered was conducted according to Pitt & Hocking (1997) . A total of 108 isolates of Aspergillus spp. were purified for molecular identification at the species level. These isolates were coded as indicated in Table 1 .
Extraction of genomic DNA -Conidia of each isolate was inoculated in liquid medium (Pontecorvo et al., 1953) and incubated at 28ºC, for 24 h, at 180 rpm. Genomic DNA was extracted according to Azevedo et al. (2000) and quantified by a fluorimetric method (Dyna Quant, Phamarcia).
PCR of ITS region -Fragments of the ITS1-5.8S-ITS2
were amplified by the use of the primers ITS1 and ITS4 (White et al., 1990) . The final volume of each reaction was 25 µL, containing 2.5 µL of buffer (200 mM TrisHCl, pH 8,4 -500 mM KCl, 1x concentrated), 2.0 µL of dNTPs (2.5 mM), 1. cycle consisted of three steps: denaturation (92ºC, 40 s), annealing (55ºC, 1 min and 30 s) and elongation (72ºC, 2 min). Final elongation at 72ºC for 5 min was used. The amplified fragments were analyzed by gel electrophoresis in 1x TEB buffer according to Sambrook & Russel (2001) . The 1% agarose gels were treated with ethidium bromide and the bands visualized under UV light.
Sequencing of the ITS region -The fragments of ITS1-5.8S-ITS2 amplified by PCR were sequenced according Sanger et al. (1977) . The sequencing reaction was 10 µL, containing 2.0 µL of ITS4 primer (Invitrogen-3.0 µ mL -1 ), 4.0 µL of premix of DYEnamic ET terminator (Amersham Biosciences) and 4.0 µL of the rDNA amplification product (100 ng µL -1 ). The reaction was submitted to a Mastercycler thermocycler gradient (Eppendorf), programmed to perform 35 cycles after initial denaturation (95ºC, 2 min). Each cycle consisted of three steps: denaturation (95ºC, 1 min), annealing (55ºC, 1 min) and elongation (60ºC, 1 min). At the end of the cycles, there was a final elongation step (60ºC, 5 min). Sequencing was performed on a MegaBACE TM 1000 sequencer (Amersham Biosciences). The conditions for injection and electrophoresis were 2 Kv/60 s and 6 Kv/230 min, respectively.
Sequence analysis -The quality of the sequences was examined by Phred/Phrap/Consed package. For the identification of the isolates, the nucleotide sequences obtained were compared with those already deposited in the data bank of the National Center for Biotecnology and Information (NCBI), using BLAST search tool (Altschul et al., 1990) . The identification of the species was determined based on the best score.
A. niger and A. tubingensis discrimination -The discrimination between the species A. niger and A. tubingensis was performed by RFLP analysis of rDNA in silico, by searching for the RsaI restriction site (GT/ AC at positions 295 and 303 bp) directly in the rDNA sequences of both species. The analysis was conducted with the aid of the programs Phred/Phrap/Consed and BioEdit (Hall, 1999) .
RESULTS AND DISCUSSION
The amplification of the ITS1-5.8S-ITS2 region of rDNA for the 108 Aspergillus isolates, using the universal primers ITS1 and ITS4 (White et al., 1990) originated a fragment of approximately 600 bp. This result is in accordance to the literature (Henry et al., 2000) . These authors found ITS1-5.8S-ITS2 amplicons of sizes varying between 565 and 613 bp.
Analysis of the nucleotide sequences of the amplified fragments allowed the identification of the isolates at the species level ( Table 2 ). The percentage of occurrence of each species among all Aspergillus identified is shown in Figure 1 .
With the exception of A. tubingensis and A. carbonarius, the other species here identified have already been reported as contaminants of coffee samples from the state of Minas Gerais (Batista et al., 2003 
A. tubingensis 10%

A. ochraceus 17%
A. niger 24%
A. tamarii 17%
A. carbonarius 1%
A.oryzae/flavus 31% flavus represented 71% of the isolates. Despite A. sulphureus has been frequently detected in coffee produced in Minas Gerais, this species was not found in coffee samples from Paraná. The isolates belonging to the section Nigri were detected in 93.75% of the geographical regions and represented 35% of the total Aspergillus spp. identified. Among the fungi of this section, 24% of the isolates were characterized as A. niger, 10% as A. tubingensis and 1% as A. carbonarius.
Currently, the presence of A. tubingensis in Brazilian coffee beans has not been described, probably because only classical taxonomy has been utilized, and it does not allow the discrimination of A. tubingensis from A. niger. These two species have a high morphological similarity and A. tubingensis was considered as a subspecies of A. niger. The utilization of molecular methods allowed a better distinction of the A. niger group until 1991 (Kusters- Van Someren et al., 1991; Varga et al., 1993; Accensi et al., 1999; and the classification of A. niger and A. tubingensis as distinct species.
In the present study, the distinction between A. niger and A. tubingensis was determined by RFLP analysis in silico. This analysis was based on the presence of the restriction site (at positions 295 and 303 bp) for the endonuclease RsaI (GT/AC) in ITS1 sequence from A. niger and its absence in A. tubingensis (Accensi et al., 1999) . The correct discrimination between these species is relevant because A. niger has been reported as OA producer in coffee, while A. tubingensis is a non-producer species of this mycotoxin. Varga et al. (2000) described that some nonochratoxigenic strains of A. niger has potential to decompose OA, through the secretion of a carboxypeptidase that converts OA to ochratoxin a and phenylalanine. Since A. tubingensis is unable to produce OA its potential to to control this mycotoxin in coffee should be addressed.
Of all the Aspergillus spp. identified, 48% included the section Flavi represented by the species A. flavus/A. oryzae (31.5%) and A. tamarii (16.5%), which were detected in 75% of the geographical regions analyzed. Reports in the literature on the taxonomy of this section have been conflicting. According to Varga et al. (2003) , the section Flavi includes the clades "A. flavus" and "A. tamarii," which includes respectively A. flavus/ oryzae and A. tamarii. The comparison between A. flavus and A. oryzae, based on molecular approaches, has demonstrated that they have high genetic similarity (Kurtzman et al.,1986; Chang et al., 1991; Nikkuni et al., 1996) . Nikkuni et al. (1998) studied the nucleotide sequence of rDNA from Aspergillus spp. and showed that this methodology did not allow the discrimination of the species A. flavus and A. oryzae. Identical findings were observed in the present study by analyzing the ITS1, 5.8S and ITS2 rDNA regions.
Although A. oryzae and A. tamarii belong to distinct clades of the section Flavi, Nikkuni et al. (1998) showed that these species differ in a single nucleotide and three gaps in the alignment of the ITS sequences. Although some isolates belonging to species of the section Flavi have potential to produce mycotoxins in cereal grains, none of them produce OA in coffee beans (Varga et al., 2003) .
The species A. ochraceus (section Circundati) was detected in 44% of the geographical regions. Approximately 17% of the isolates here identified belong to this species (Figure 1) . This frequency is similar to that found by Batista et al. (2003) in coffee samples from Minas Gerais. According to Taniwaki et al. (2003) , 75% of the isolates of A. ochraceus have potential for producing OA. Therefore, the presence of this species in coffee beans should be a warning for good practices for farming, particularly during drying and storage.
Aspergillus species that are potential producers of OA were found in 82% of the geographical regions examined. Among these, the species identified most frequently was A. niger, followed by A. ochraceus and A.
carbonarius. An extensive study conducted by Taniwaki et al. (2003) , in coffee beans (408 samples) from the states of São Paulo and Minas Gerais also showed A. niger as the most common species. Although A. niger was found at higher frequency than the other two species, only 3% of the isolates were capable of producing AO.
The A. carbonarius species is considered a potent producer of OA, since approximately 77% of its isolates are ochratoxigenic. Taniwaki et al. (2003) detected A. carbonarius in samples originated from drying and storage areas at São Paulo state. In the present study we demonstrated, for the first time, the presence of A. carbonarius in samples of fruit taken from trees. Recently, Fungaro et al. (2004) developed a specific marker for the detection of A. carbonarius in coffee beans. The use of this marker to determine the presence of this species in coffee beans is strongly recommended.
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